Tellurium oxide based glasses are of scientific and technological interest due to their unique properties such as chemical durability, electrical conductivity, transmission capability, high refractive indices, high dielectric constant and low melting points [1-3].
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in the NIR range (800-2200 nm) and intense emission bands in the visible region (550-730 nm) [11] .
The present work deals with the role of lead and samarium ions in the short-range structural order of the vanadate-tellurate glass network. Lead and samarium-activated vanadatetellurate glasses have been investigated using infrared spectroscopy and ultraviolet-visible spectroscopy. The main goal is to obtain information about the influence of the radii and concentration of lead and samarium ions on the TeO 4 /TeO 3 and VO 5 /VO 4 conversion in vanadate-tellurate glasses and especially to illuminate aspects of the vanadate glass network using DFT calculations.
Experimental procedure
Glasses were prepared by mixing and melting of appropriate amounts of lead (IV) oxide, tellurium oxide (IV), lead (II) oxide or samarium (III) oxide of high purity (99,99%, Aldrich Chemical Co.). Reagents were melted at 875 0 C for 10minutes and quenched by pouring the melts on stainless steel plates.
The samples were analyzed by means of X-ray diffraction using a XRD-6000 Shimadzu diffractometer, with a monochromator of graphite for the Cu-Kα radiation (λ=1.54Å) at room temperature.
The FT-IR absorption spectra of the glasses in the 370-1100cm -1 spectral range were obtained with a JASCO FTIR 6200 spectrometer using the standard KBr pellet disc technique. The spectra were carried out with a standard resolution of 2cm -1 .
UV-Visible absorption spectra measurements in the wavelength range of 250-1050nm were performed at room temperature using a Perkin-Elmer Lambda 45 UV/VIS spectrometer equipped with an integrating sphere. These measurements were made on glass powder dispersed in KBr pellets. The optical absorption coefficient, α, was calculated from the absorbance, A, using the equation: α = 2.303 A/d where d is the thickness of the sample.
The starting structures have been built using the graphical interface of Spartan'04 [12] and preoptimized by molecular mechanics. Optimizations were continued at DFT level (B3LYP/CEP-4G/ECP) using the Gaussian'03 package of programs [13] .
It should be noticed that only the broken bonds at the model boundary were terminated by hydrogen atoms. The positions of boundary atoms were frozen during the calculation and the coordinates of internal atoms were optimized in order to model the active fragment flexibility and its incorporation into the bulk.
Results and discussion
The vitreous or/and crystalline nature of the xPbO·(100-x)(3TeO 2 ·2V 2 O 5 ) and xSm 2 O 3 ·(100x)(3TeO 2 ·2V 2 O 5 ) samples with various contents of lead or samarium oxide (0≤x≤50mol%) was tested by X-ray diffraction. The X-ray diffraction patterns of the studied samples are shown in Fig. 1 
FTIR spectroscopy
The absorption bands located around 460cm -1 , 610-680 and 720 to 780cm -1 are assigned to the bending mode of The incorporation of network modifier lead ions into the vanadate-tellurate glasses enhances the breaking of axial Te-O-Te linkages in the [TeO 4 ] trigonal bypiramidal structural units. As a consequence, three-coordination tellurium is formed and accumulated. The band centered at about 750cm -1 indicates the presence of the [TeO 3 ] structural units [17, 18] . The [TeO 3 ] structural units are expected to participate in the depolymerization of the glass network because they create more bonding defects and non-bonding oxygens.
The intensity of the band corresponding to the [TeO 3 ] units (located at about 750cm -1 ) decreases and a new band located at about 800cm -1 appears with the adding of the Sm 2 O 3 content. In detail, the band situated at about 800cm -1 is due to the asymmetric stretching of VO 4 -3 entity from orthovanadate species [22, 23] .
10 ≤x ≤30 mol% M a O b (2)
An increasing trend was observed in the strength of the bands centered at ~1020cm -1 . The feature of the band located at about 875cm -1 comes up in intensity. This effect is more pronounced when adding of samarium ions in the matrix network. This band is attributed to the vibrations of the V-O bonds from the pyrovanadate structural units.
The gradual addition of the samarium (III) oxide leads not only to a simple incorporation of these ions in the host glass matrix but also generates changes of the basic structural units of the glass matrix. Structural changes reveal that the samarium ions causes a change from the continuous vanadate-tellurate network to a continuous samarium-vanadate-tellurate network interconnected through Sm-O-V and Te-O-Sm bridges. Then, the surplus of nonbridging oxygens is be converted to bridging ones leading to the decrease of the connectivity of the network.
x ≥ 40mol% M a O b (3)
By increasing the Sm 2 O 3 content up to 40mol%, the evolution of the structure can be explained considering the higher capacity of migration of the samarium ions inside the glass network and the formation of the SmVO 4 crystalline phase, in agreement with XRD data. The accumulation of oxygen atoms in the glass network can be supported by the formation of ortho-and pyro-vanadate structural units. [24] [25] [26] . The increase in the intensity of the bands situated between 650 and 850cm -1 show that the excess of oxygen in the glass network can be supported by the increase of [PbO n ] structural units (with n=3 and 4).
In brief, the variations observed in the FTIR spectra suggest a gradual inclusion of the lead ions in the host vitreous matrix with increasing of the PbO content up to 50mol%, while progressive adding of samarium oxide determines the increase in the intensity of the bands due to the ortho-and pyrovanadate structural units. The mechanisms of incorporation of the lead and samarium ions in the host matrices can be summarized as following:
i. For the samples with lead oxide, the Pb +2 ions can occupy a position in the chain itself and their influence on the V=O bonds is limited. Since the V=O mode position from about 1020cm -1 is preserved it can be concluded that the V=O bond is not directly influenced and the coordination number and symmetry of the 
UV-VIS spectroscopy
Optical absorption in solids occurs by various mechanisms, in all of which the phonon energy will be absorbed by either the lattice or by electrons where the transferred energy is covered. The lattice (or phonon) absorption will give information about atomic vibrations involved and this absorption of radiation normally occurs in the infrared region of the spectrum. Optical absorption is a useful method for investigating optically induced transitions and getting information about the energy gap of non-crystalline materials and the band structure. The principle of this technique is that a photon with energy greater than the band gap energy will be absorbed [27] .
One of the most important concerns in rare earth doped glasses is to define the dopant environment. Hypersensitive transitions are observed in the spectra of all rare earth ions having more than one f electrons. Hypersensitive transitions of rare earth ions manifest an anomalous sensitivity of line strength to the character of the dopant environment [28, 29] .
The measured UV-VIS absorption spectra of the lead and samarium-vanadate-tellurate glasses are shown in Fig. 3 . The spectra show that the maxima of the absorption are located in the UV region for all investigated glasses containing PbO or Sm 2 O 3 .
The Pb +2 ions absorb strongly in the ultraviolet (310nm) and yield broad emission bands in the ultraviolet and blue spectral area [30] . The Sm +3 ions have five electrons in the f shell. The absorption bands due to the electron jump from the 6 H 5/2 ground state to the 6 P 5/2 (365nm), 6 P 7/2 (375nm), 6 P 3/2 (400nm), 4 The measurements of optical absorption and the absorption edge are important especially in connection with the theory of electronic structure of amorphous materials. The energy gap, Eg, is an important feature of semiconductors which determines their applications in optoelectronics [32] . Observations of the variation of E g with increase in the modifier content can be attributed to the changes in the bonding that takes place in the glass
The nature of the optical transition involved in the network can be determined on the basis of the dependence of absorption coefficient (α) on phonon energy (hυ). The total absorption could be due to the optical transition which is fitted to the relation:
where E g is the optical energy gap between the bottom of the conduction band and the top of the valence band at the same value of wavenumber, α 0 is a constant related to the extent of the band tailing and the exponent n is an index which can have any values between ½ and 2 depending on the nature of the interband electronic transitions.
Extrapolating the linear portion of the graph (αhν) 2 → 0 to hν axis, the optical band gaps, E g are determined with increasing PbO and Sm 2 O 3 content ( Figs. 4 and 5) . The optical band gap increases gradually from 1.84eV to 2.09eV and 2.21eV, respectively, by adding of PbO and Sm 2 O 3 . In either case the values are systematically increasing with the increase of x. It is to be noted that the curves are characterized by the presence of an exponential decay tail at low energy. These results indicate the presence of a well defined π→π* transition associated with the formation of conjugated electronic structure [33] . The increase of the band gap may occur due to variation in non-bridging oxygen ion concentrations. In metal oxides, the valence band maximum mainly consists of 2p orbital of the oxygen atom and the conduction band minimum mainly consists of ns orbital of the metal atom. The non-bridging oxygen ions contribute to the valence band maximum. The non-bridging orbitals have higher energies than bonding orbitals. When a metal-oxygen bond is broken, the bond energy is released. The increase in concentration of the nonbridging oxygen ions results in the shift of the valence band maximum to higher energies and the reduction of the band gap. Thus, the enlarging of band gap energy due to increase in the PbO or Sm 2 O 3 content suggests that non-bridging oxygen ion concentration decreases with increasing the PbO or Sm 2 O 3 content that expands the band gap energy. In the glasses doped with Sm 2 O 3, the non-bridging oxygen ions concentration decreases due to the formation of orthovanadate structural units. In the glasses doped with PbO, the nonbridging oxygen ions concentration decreases also because the lead atoms act as network formers and the accommodation with the excess of oxygen ions is possible by the increase of the polymerization degree of the network by Pb-O-Te and Pb-O-V linkages.
The existence and variation of optical energy gap may be also explained by invoking the occurrence of local cross linking within the amorphous phase of the matrix network, in such a way as to increase the degree of ordering in these parts.
Refractive index is one of the most important properties in optical glasses. A large number of researchers have carried out investigations to ascertain the relation between refractive index and glass composition. It is generally recognized that the refractive index, n, of many common glasses can be varied by changing the base glass composition [34] .
The observed decrease in the refractive index of the studied glasses accompanying to the addition of PbO or Sm 2 O 3 content presented in the Fig. 6 can be considered as an indication of a decrease in number of non-bridging oxygen ions. x [moli%] Fig. 6 . The relationship between the optic gap, E g , and refractive index, n, and the and the PbO or Sm 2 O 3 contents (the line is only a guide for the eye).
In brief, we can conclude that the optical band gap increases with increasing the PbO or We assume that as the cation concentration increases, the Te-O-Te and V-O-V linkages develop bonds with Pb +2 or Sm +3 ions, which in turn leads to the gradual breakdown of the glass network. This effect seems more pronounced in doping of the network with the Sm +3 ions. These results are in agreement with XRD data which indicate the higher affinity of the samarium ions to attract structural units with negative charge yielding the formation of the SmVO 4 crystalline phase for samples with x>30mol%.
DFT calculations
In this section, the purpose of the present paper was to continue the investigation of the structure of the vanadate-tellurate network and especially to illuminate structural aspects of the vanadate network using quantum-chemical calculations because the coordination state of vanadium atoms is not well understood. Figure 7 shows the optimized structure proposed to the 3TeO 2 ·2V 2 O 5 glass network. Analyzing the structural changes resulted from the geometry optimization of our model, we found that the vanadium ions are distributed into two crystallographic sites: [35, 36] . This shows that there is instability in the nonequivalent V-O bonds in the polyhedron. In essence, this is due to the displacement of the vanadium atom from the centre of the polyhedron, whose asymmetry strongly depends on the manner of connection with the surrounding polyhedron. This deformation will be expressed more clearly in the formation of the vitreous matrix.
This structural model shows a very complex behavior of the vanadium atoms and their stabilization can be achieved by the formation of orthovanadate structural units or by the intercalation of [PbO 3 ] structural units in the immediate vicinity of these units.
Conclusions
The X-ray diffraction patterns reveal the SmVO 4 crystalline phase in the samples with x>30mol% Sm 2 O 3 indicating that the samarium ions have an pronounced affinity towards the vanadate structural units. By adding of Sm 2 O 3 content in the host matrix, the FTIR spectra suggests that the glass network modification has taken place mainly in the vanadate part whereas by adding of PbO, the network is transformed from a vanadate-tellurate network into a continuous lead-vanadate-tellurate network by Te-O-Pb and V-O-Pb linkages.
The UV-VIS absorption spectra of the studied samples reveal the additional absorptions in the 250-1050nm range due to the generation of n→π* transitions and the presence of the transition or rare earth metallic ions. By increasing the metal oxide content up to 50mol%, the optical band gap energy increases. This suggests a decrease of the non-bridging oxygens due to the formation of orthovanadate (for adding Sm 2 O 3 ) and [PbO 3 ] (for adding PbO) structural units, respectively. The band gap energy was changed due to structural modifications of the network.
Our DFT investigations show that the penta-coordinated vanadium atoms show a unique influence on the structural properties of the glasses.
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